Purpose Autosomal Dominant Hyper IgE Recurrent Infection Syndrome (AD-HIES) is caused by mutations in STAT3 and characterized by eczema, recurrent bacterial infections, and skeletal and connective tissue abnormalities. To further understand the minimal trauma fractures of AD-HIES, we examined bone mineral density (BMD) and laboratory markers of bone turnover. Methods Patients with AD-HIES enrolled in a prospective natural history study were examined with dual x-ray absorptiometry (DEXA) scans and laboratory studies of bone metabolism. The number of fractures was recorded as well as clinical features of AD-HIES including scoliosis and retained primary teeth. Patients on medications with skeletal effects, including bisphosphonates, were examined separately. Results Twenty-three AD-HIES children (6-18 years) and 33 AD-HIES adults (21-50 years) not receiving bone-active drugs were studied. Fourteen of the 23 children (61 %) had histories of minimal trauma fractures, as did 26 of the 33 adults (79 %). Osteopenia or osteoporosis was found in 79 % of children and adults. Only radial BMD correlated with the qualitative occurrence of fractures but it did not correlate with the numbers of fractures. Markers of bone metabolism did not correlate with minimal trauma fractures or BMD. Patients on bone-active medications had improved BMD, but still sustained fractures. Conclusions Minimal trauma fractures and decreased BMD are common in AD-HIES. Low radial BMD is associated with fractures, but hip and spine BMD are not. Treatment with bisphosphonates increased BMD but its role in fracture prevention remains undefined.
Introduction
Autosomal dominant Hyper IgE syndrome (AD-HIES or Job's syndrome) is characterized by mutations in the STAT3 gene, resulting in recurrent pneumonias, boils, eczema, elevated serum immunoglobulin E (IgE), and connective tissue, vascular, and skeletal abnormalities [1, 2] . STAT3 is a necessary signaling protein for many cytokines and growth factors, explaining why AD-HIES has such diverse non-immunologic manifestations [3, 4] . To better understand the minimal trauma fractures in AD-HIES, we examined bone mineral density (BMD), markers of bone metabolism, and connective and skeletal features of AD-HIES.
Methods

Study Subjects
We recorded minimal trauma fractures, BMD and bone metabolic markers for 56 individuals with AD-HIES not receiving bisphosphonates or parathyroid hormone therapy (teriparatide). All patients or their parents provided consent on an IRB-approved natural history protocol to study HIES at the National Institutes of Health (NIH), Bethesda, MD. Patients were diagnosed clinically and by STAT3 mutational analysis. Patients were excluded if they received steroid treatment for at least a month or any chemotherapy, or had other conditions associated with osteoporosis. After initial analysis suggested a correlation between radius BMD and fractures, 12 additional individuals were analyzed to further evaluate this association.
Four adult patients with AD-HIES on bisphosphonate or parathyroid hormone therapy were analyzed along with eight age-and gender-matched AD-HIES patients with no history of these medications and two BMD measures over a similar period. A pre-treatment (baseline) and a roughly 4-5 year follow-up measure were used to calculate an annual rate of change in BMD for patients and controls.
Laboratory and Radiologic Investigation
Evaluations included complete history and physical, dental examination, BMD by dual x-ray absorptiometry (DEXA) scans, and scoliosis radiographs. Bone metabolism studies included serum calcium, 25-hydroxyvitamin D, phosphorous, osteocalcin, intact parathyroid hormone, testosterone, and urine N-telopeptides of collagen (NTX).
Statistics
The Wilcoxon rank sum test and Spearman's rank correlation were used to detect associations with continuous variables; Fisher's exact test was used for categorical variables. The rate of change in BMD was compared between treated adults and matched controls using the paired t-test. Statistical tests were two-sided and performed at the 0.05 level. Statistical analysis was done in R software (http://www.r-project.org).
Results
Demographics
The 56 AD-HIES patients not on osteoporosis therapy included 33 adults ages 21-50 years and 23 children, aged 6-18 years. DNA genotyping was available for all but one deceased adult with an HIES score of 89 (Table I) .
Bone Mineral Density (BMD)
For most patients, DEXA scores were obtained for AP spine, total hip and radius. On at least one BMD measure, 79 % of subjects had either osteopenia or osteoporosis.
Spine BMD determination in 23 children found that 12 had normal, 9 had osteopenic and 2 had osteoporotic BMD Zscores. Of the 32 adults with available studies, 10 had normal, 13 had osteopenic, and 9 had osteoporotic BMD T-scores. Similar distributions were found for hip and radius (not shown). Children with DNA binding region mutations had lower median AP spine z-scores compared to those with SH2 mutations (p-value=0.02); no association was seen in adults. Overall, males had lower hip (p-value=0.047) and radius (pvalue=0.013) BMDs than females (Table II) . Adult men had significantly lower median AP spine (−2.5) and radius (−2.8) z-scores than women (−1.3 spine and −0.95 radius) (p=0.008 and p=0.0004, respectively). There were no significant associations between any of the BMD measures and increasing number of fractures (Fig. 1a, b, c) . There was an association between any minimal trauma fractures and low radial BMD (p=0.01), but not with hip or spine BMD (Fig. 1d) . A similar trend was seen in 12 confirmatory patients, with median radius BMD of −1.6 for those with fractures compared to −0.5 in the no fracture group (p=0.17). Fracture location was limited to long bones and ribs, with the exception of one individual who had a vertebral fracture. Having at least two abnormally low BMD measures was associated with a 4-fold increase in the odds of a history of fractures (p=0.039) compared to fewer abnormal measures, suggesting that this may be another important risk factor.
Retained Primary Dentition and Scoliosis
Since tooth root resorption involves an interaction of the alveolar bone and the dentin, and scoliosis involves bone deposition and remodeling, we examined the association of BMD and fracture, with retained primary teeth and scoliosis in adults. No associations were found.
Measures of Bone Metabolism
There were no significant associations between any bone metabolism marker and BMD or fractures in either adults or children. There was a weak association for increased urine Ntelopeptides, a marker of osteoclast activity, and minimal trauma fractures in adult patients (p=0.10); however, there was a wide range of values in both groups. Serum vitamin D ranged from low to normal and was not correlated with number of fractures. Calcium was insignificantly lower for adults with fractures (p=0.06) and vitamin D was insignificantly lower in children with fractures (p=0.06). Neither calcium nor vitamin D correlated with BMD.
Treatment
Two men and two women ages 32-61 received osteoporosis therapy over 3 to 10 years (average 5.5 years). One man received teriparatide after not improving with alendronate; all others received alendronate. All recipients had improved BMD from baseline. The average change in spine BMD over 5 years was a 0.42 unit increase for treated patients compared to 0.31 unit decrease for matched non-treated controls. Despite improvements in BMD, three of the four patients suffered fractures during treatment; three of the eight without therapy fractured.
Discussion
While fractures and reduced BMD are common in this population, the number of minimal trauma fractures did not strongly correlate with overall BMD. The correlation between fractures and radius BMD, which consists primarily of cortical bone, was interesting in light of the fracture distribution favoring long bones. Several lines of data suggest that the osteoporosis of AD-HIES results from increased osteoclast activity. Monocytes from patients with AD-HIES resorb bone at an increased rate, similar to that of postmenopausal women [5] . Hematopoietic cell-specific Stat3 deficient mice develop osteoporosis through increased osteoclastogenesis resulting in decreased trabecular and cortical bone [6] . However, the significant number of fractures in some patients despite relatively normal BMD as well as the lack of correlation between urine N-telopeptides, a marker of osteoclasts, and fractures or BMD suggests there are factors beyond bone density that affect bone fragility. The factors affecting fragility likely differ dependent on the bone type since fractures occurred predominantly in long bones, primarily cortical bone, and the radius BMD, as compared to hip or spine BMD, correlated with history of fractures. The etiology of low BMD in AD-HIES is likely multifactorial and may result from a combination of increased osteoclast function, chronic inflammation, nutritional and hormonal factors, as well as other undefined effects of STAT3 on bone metabolism. The relative rarity of this disease as well as the difficulties of measurement and interpretation of BMD in children limited our study. Fracture history was retrospective and therefore affected by recall. The analysis was exploratory and should be interpreted with caution.
Our findings suggest that AD-HIES has a high risk of pathologic fractures that is incompletely explained by BMD or bone resorption and likely not addressed by measures directed at inhibition of osteoclastogenesis. These data suggest that STAT3 mediates here-to-fore unrecognized aspects of bone integrity that may be separate from its role in osteoclast activity.
